Using approximations based on presumed U.S. time zones, we characterized day and nighttime seizure patterns in a patient-reported database, Seizure Tracker. A total of 632 995 seizures (9698 patients) were classified into 4 categories: isolated seizure event (ISE), cluster without status epilepticus (CWOS), cluster including status epilepticus (CIS), and status epilepticus (SE). We used a multinomial mixed-effects logistic regression model to calculate odds ratios (ORs) to determine night/day ratios for the difference between seizure patterns: ISE versus SE, ISE versus CWOS, ISE versus CIS, and CWOS versus CIS. Ranges of OR values were reported across cluster definitions. In adults, ISE was more likely at night compared to CWOS (OR = 1.49, 95% adjusted confidence interval [CI] = 1.36-1.63) and to CIS (OR = 1.61, 95% adjusted CI = 1.34-1.88). The ORs for ISE versus SE and CWOS versus SE were not significantly different regardless of cluster definition. In children, ISE was less likely at night compared to SE (OR = 0.85, 95% adjusted CI = 0.79-0.91). ISE was more likely at night compared to CWOS (OR = 1.35, 95% adjusted CI = 1.26-1.44) and CIS (OR = 1.65, 95% adjusted CI = 1.44-1.86). CWOS was more likely during the night compared to CIS (OR = 1.22, 95% adjusted CI = 1.05-1.39). With the exception of SE in children, our data suggest that more severe patterns favor daytime. This suggests distinct day/night preferences for different seizure patterns in children and adults.
variability of seizure clusters, status epilepticus, and isolated seizures. In recent years, digital seizure diaries have become available, 5 with the possibility of large-scale and longitudinal analysis of patient-reported data that provides the opportunity to identify patterns only accessible by big data approaches. 6 The SeizureTracker.com website and mobile software provide one of the world's largest patient-managed seizure diary database, representing a broad spectrum of ages, seizure types, and etiologies. This database can be viewed as primarily exploratory and hypothesis generating because of its retrospective, uncurated data. Our objective was to evaluate patterns of diurnal variation in seizure groupings: isolated seizure events (ISE), seizure clusters including status epilepticus (CIS), clusters without status epilepticus (CWOS), and status epilepticus (SE).
| MATERIALS AND METHODS

| Data
Deidentified, unlinked data from Seizure Tracker were extracted from January 1, 2007 to November 30, 2015 in accordance with the National Institutes of Health Office of Human Subject Research Protection #12301. These include seizure diaries with timing, age, and seizure type. Preprocessing was done to remove incomplete and erroneous entries as follows. Any patient with a birthdate that was after the date of recorded seizures was removed. Any seizure with an onset time that was before January 1, 2007 or after November 30, 2015 was discarded as erroneous. Any seizure with duration not recorded was discarded. Patients with insufficient data (<10 seizures) were also excluded.
| "Day" and "night"
The database does not include any location data. We were required to make some assumptions to define "day" and "night." We assume that the majority of patients live in the USA because the tool is in English and promoted at U.S. conferences. Further assuming that the database population matches population density, we took the average between Los Angeles and New York for sunset and sunrise times for each calendar day represented in the database. These cities represent the 2 largest population centers. Seizures occurring between average sunset and average sunrise were categorized as "night," whereas the opposite were "day." Clusters or SE including at least two-thirds total duration during "night" or "day" were categorized based on that proportion. If a single category did not fit at least twothirds of the duration, then patients were classified as "none."
| Seizure groupings
Sets of seizures were organized into groupings based on duration and interseizure intervals (ISIs). SE was defined as any seizure with duration > 5 minutes or a set of seizures all of which have ISI <5 minutes and an overall duration > 5 minutes. Clusters were subdivided into subclusters including SE (CIS) and subclusters without SE (CWOS). Because of disagreement in the literature about the exact definition of a cluster, 7 we selected 3 common definitions. Cluster24 required at least 3 seizures with a maximum ISI of 24 hours.
7
Cluster3 required at least 2 seizures with a maximum ISI of 3 hours. ClusterARS, based on the "acute repetitive seizures" definition, 7 required at least 2 seizures with a maximum ISI of 12 hours for patients aged < 18 years, and a maximum ISI of 24 hours for patients aged ≥ 18 years. Any seizure not included in CWOS, CIS, or SE was classified as an ISE.
| Statistical modeling
We used multinomial mixed-effects logistic regression models to characterize associations between seizure categories and types for night versus day, accounting for within-subject correlations. Random-intercept effects for each category in the model were assumed to be jointly normally distributed with an unstructured variance-covariance matrix. Model parameters were estimated with a penalized quasilikelihood approach using SAS (v9.4; SAS Institute, Cary, NC, USA) NLMIXED. The corresponding odds ratios (ORs) were computed using subject-specific estimated parameters from the model. The final model selection was performed using Akaike information criterion. Likelihood ratio test for the nested models was also used to test the significance of variance-covariance parameters of the random effects. A reduced model was constructed in case the variance parameters were not significant or Hessians were not positive-definite. Bonferroni multiple correction procedure was applied to adjust confidence intervals (CIs) and P values for the primary associations, with alpha = .05. Additional exploratory analysis for subtypes of seizures was conducted without P value adjustment.
| ORs
ORs computed from the statistical models represent the outcome of Equation 1:
When comparing A versus B, OR values > 1 imply nighttime preference for A and daytime preference for B. Conversely, OR values < 1 imply a daytime preference for A and nighttime preference for B. (Table 1) .
The OR results are shown in Figure 1 . In adults, ISE was more likely at night compared to CWOS (OR = 1.49, 95% adjusted CI = 1.36-1.63) and to CIS (OR = 1.61, 95% adjusted CI = 1.34-1.88). The ORs for ISE versus SE and CWOS versus SE were not significant, regardless of cluster definition. In children, ISE was less likely at night compared to SE (OR = 0.85, 95% adjusted CI = 0.79-0.91). ISE was more likely at night compared to CWOS (OR = 1.35, 95% adjusted CI = 1.26-1.44) and CIS (OR = 1.65, 95% adjusted CI = 1.44-1.86). CWOS was more likely during the night compared to CIS (OR = 1.22, 95% adjusted CI = 1.05-1.39). Of note, the results related to clusters were similar to each other regardless of cluster definition.
Please also see the supplemental Tables S1-S14 showing the impact of seizure subtype on ORs.
| DISCUSSION
ISEs, clusters, and SE occur more frequently during certain diurnal periods than others. Clusters in general, and particularly those including SE, occurred more frequently during the daytime compared with isolated seizures. In children, SE favored night compared with ISE, and CIS were more likely in the daytime compared with CWOS. Our data, although preliminary, suggest that some patients with predispositions to SE and seizure clustering may have different risk levels at different times of the day and night. "Chronotherapy," a method of treating patients based on diurnal and nocturnal seizure susceptibility profiles may cover these differential risk levels better with adjusted doses. 8 Future studies can build on the findings reported here and may be able to link the different seizure patterns identified as having day/night preferences with chronotherapy options. Because of the statistical method employed, the results reported here can be considered subject-specific even though the entire population was studied, because interindividual differences were accounted for. The different temporal patterns of seizures identified here, or "chronotypes," include adjustment for those interindividual differences.
Findings need to be interpreted in the setting of data acquisition. Data were derived from a patient-reported database lacking physician oversight. It is not possible for us to ascertain the degree with which the reporter of information has been instructed (if at all) by their physician; therefore, the definition of "what is a seizure" must be considered less clear in patient-reported diaries. Consequently, people with psychogenic nonepileptic events may be entering events in Seizure Tracker, and there is no reliable way to filter out this possibility. Children with epilepsy more often will have parents or caregivers recording their events, which may result in systematic differences between diaries of children versus those of adults. Additionally, there was no mechanism in Seizure Tracker for marking "no events today," meaning no place to enter 0 for the number of seizures on a given day. A day with no recorded events could therefore represent no seizures that day, or diary fatigue for that day. However, clinical practice in epilepsy is also based on patient-generated or retrospectively reconstructed seizure diaries, and this platform may therefore mimic current clinical practice, including observer, information, and recall bias. Factors contributing to recording variations include diary fatigue, overreporting, and underreporting. 5, 9 The ORs used in this study help to mitigate some forms of bias, such as underreporting of nighttime seizures. The reason is that these ratios, as defined here, reflect the relative day/night differences for different seizure patterns. Additionally, it is unclear to what extent patients may also exaggerate or minimize seizure durations, and there is a possibility that reporters are unable to clinically distinguish between some seizure clusters and some forms of SE. As always with patient-related data, there may be reporting bias for daytime events; parents, caregivers, and patients may tend to report more events that they are awake to record and some patients may not recall all of their seizures. The reporting bias may impact our definitions of seizure patterns (isolated, cluster, and status), because clinical observations do not always mirror the EEG findings.
For instance, a patient may have a 20-second seizure with 3 hours of postictal encephalopathy, which may be recorded as a 3-hour seizure. Similarly, a patient with 3 hours of SE may have clinical symptoms that come and go, which might get recorded as multiple isolated seizures in Seizure Tracker. However, this kind of dataset is the best we can currently muster in the absence of highly accurate and widely disseminated and utilized biosensors. Our group is working to follow up on this dataset with more objective confirmations. No geographic data were available for patients; therefore, "day" or "night" assignments were estimated based on assumptions about sunrise and sunset, as well as assumed time zones in the United States. Therefore, although West Coast patients are systematically phase-advanced relative to true day/night, the inaccuracy, we assume, is balanced by the phase delay introduced to East Coast patients. Obviously, in the presence of time zone information, additional precision would be possible with the day/night designations. Moreover, the designations of day/night serve as proxies for "asleep" and "awake," which again require more detailed biosensors. In addition, changes in therapy including medication, surgeries, devices, and diets were inadequately documented. Furthermore, lack of seizure focus localization information prevents subdividing patients into groups, with region-specific temporal patterns. 4, 10 Of note, all these biases exist in current clinical practice, and this was the best we could do with available large amount of data.
It is difficult to know how reliably the ORs obtained in this study reflect the broader community of people with epilepsy, and therefore how to compare these results to data from other studies. For instance, a study using responsive neurostimulation data found that frontal seizures seemed to peak around 3 AM, whereas mesial temporal seizures tended to peak around 5 PM and neocortical seizures tend to peak around 7 AM. 4 Without the seizure localization information, it would be impossible to know how these times relate to our data. To the best of our knowledge, no published study has attempted to study the relative amounts of isolated seizures, seizure clusters, and SE to day and night occurrence. This is most likely related to the massive seizure datasets that are required to have sufficient statistical power to make these comparisons, and such databases have only recently become available. 6 Diurnal ORs can be used to time therapy reflecting individual risk for specific events. For instance, in children, strategies or therapies more effective in preventing, monitoring, or treating SE might be better suited for nighttime application. Similarly, strategies or therapies more effective at reducing clusters might be best suited for daytime. These possibilities await validation in additional datasets with higher reliability.
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